Oceans and human health: Sentinel habitats and sentinel species by Lovelace, Susan et al.
 OCEANS AND HUMAN HEALTH: SENTINEL HABITATS AND SENTINEL SPECIES 
 
Susan Lovelace,* NOAA Hollings Marine Laboratory 
Denise Sanger, South Carolina Sea Grant Consortium 
Anne Blair, NOAA Hollings Marine Laboratory 
Thomas Greig, NOAA Center for Coastal Environmental Health and Biomolecular Research 
 
 
One Health 
 
The health of the oceans and people are inextricably linked.  For many years we focused research and policy on 
anthropogenic impacts to oceans and coasts.  Recently we have started to think about how the health of the oceans 
affects us.  In response to the Oceans and Human Health Act of 2004, a NOAA initiative was created to explore the 
“One Health” of the oceans and coasts.  The Center of Excellence in Oceans and Human Health at Hollings Marine 
Laboratory (HML) is one of three Centers dedicated to understanding the connections and forecasting changes in 
ocean and coastal health and human health.  The Center at HML is developing new tools and approaches, including 
sentinel habitats and sentinel species, to evaluate linkages between ecological process and human health and well-
being.  The results provide environmental and public health managers, policy-makers and communities forecasts and 
assessments to improve ecosystem-based management that protects health and mitigates risks for the oceans, coasts 
and people. 
 
Sentinels Habitats 
 
In the Southeast, watersheds that form tidal creeks are among the most rapidly developing in the nation.  The 
headwater components of these tidal creeks serve as a sentinel habitat for assessing the impacts of coastal 
development on the estuarine ecosystem and public health. Tidal creeks form the primary hydrologic link between 
estuaries and land-based activities and, as such, reflect the impacts of coastal development earlier than larger coastal 
waterbodies (Holland et al. 2004). Nonpoint source pollution (e.g., stormwater runoff) increases with development, 
carrying sediments, chemicals, bacteria, viruses, and other pollutants into tidal creeks and salt marshes and 
degrading water quality.   
 
Research throughout the Southeast has found linkages between surrounding watershed land use (e.g., impervious 
cover) and the ecological condition (i.e., physical-chemical and biological) of headwater tidal creeks (Figure 1).  
Adverse changes in the physical and chemical environment generally occurred when impervious cover levels in the 
watershed reach 10-20%. Ecological processes responded and were generally impaired when impervious cover 
levels reach 20-30%.  Flooding vulnerability, public health risk, and the economic impacts are also being 
considered.  Estimates of impervious cover levels defining where human uses are impaired are currently being 
determined, but it generally appears that shellfish beds closures and the flooding vulnerability of headwater regions 
become a concern when impervious cover values reach 20-30%.  The determination of these habitats serving as 
sentinels is currently being tested in the Gulf of Mexico in association with the National Estuarine Research Reserve 
System.   
 
Modeling Stormwater Runoff in Sentinel Habitats 
 
To complement this research, we developed a method for modeling stormwater runoff for small coastal watersheds 
in the southeastern U.S.  The ability to reliably quantify and predict changes in stormwater runoff resulting from 
urbanization will facilitate development of forecasting tools to better manage impacts on ecosystems resulting from 
coastal development.  Our method is based upon widely-used and well-respected U.S. Department of Agriculture 
(USDA) runoff models which we calibrated to better reflect southeast U.S. regional conditions (Blair 2008). The 
calibrated models were validated using gaged data from U.S. Geological Survey (USGS). Model applications 
include quantifying runoff from watersheds at differing levels of development, forecasting increases in runoff with 
urbanization, and integrating impacts of development and climate change on stormwater runoff.   These applications 
enable evaluation of the impact of runoff on receiving waters, vulnerability of flooding, and the amount and 
frequency of pollutant-transport to the creek as well as the potential changes that will occur with climate change.  
All of these ultimately affect ecosystem and human health. Quantifying and forecasting changes in watershed runoff 
will ultimately enable better decisions related to minimizing the impacts of stormwater runoff.   
 Figure 1.  Conceptual model identifying linkages between 
development of the upland and ecological and human well-
being of southeastern U.S. tidal creeks (Sanger et al. 2008).
 
Sentinel Species 
 
The grass shrimp  (Palaemonetes pugio) is a common inhabitant of estuaries along the Atlantic Coast and in the 
Gulf of Mexico from Nova Scotia to Texas. It occurs in high densities (>56% of the total macrofaunal abundance in 
tidal creeks; Scott et al. 1992) and is an obligate food source for shrimps, crabs and estuarine bottom-feeding fishes 
(Gee 1989) making it an important component of the coastal ecosystem.   Additionally, grass shrimp are amenable 
to culture in laboratory settings allowing it to become important crustacean model for toxicological studies in 
estuarine systems (e.g., Finley et al. 1998, Lauth et al. 1996).   Given their ecological proximity to terrestrial 
influences grass shrimp are excellent models for assessing sublethal toxicant effects on ecologically and 
economically important crustaceans in estuarine systems, and serve as important indicator species of ecosystem 
health. As such, we have adopted the grass shrimp as our experimental model to serve as a coastal ecosystem 
biosensor or estuarine ‘sentinel’.  
 
Our work has centered on investigations into population differentiation using mitochondrial  (mtDNA) and 
microsatellite DNA, identification of biomarkers of contaminant exposure using serial analysis of gene expression 
(SAGE) technologies and in the development of contaminant specific gene expression profiling using DNA 
microarrays.  Both mtDNA and microsatellite DNA analysis are ongoing and have revealed interesting patterns of 
genetic partitioning within and between Gulf of Mexico and Atlantic coast samples.  SAGE results have identified 
16 gene tags that represent a putative biomarker suite indicative of exposures to three toxicants (fipronil, endosulfan 
and cadmium).  For gene expression profiling we have developed a comprehensive microarray that features ~7,000 
partially-annotated genes.  
 
Recently, we have appended our efforts with the addition of new pyrosequencing technologies (454) capable of 
generating large volumes of sequence data at a reduce cost compared to traditional approaches.  These efforts have 
yielded an additional 258 megabases (MB) of sequence data bringing the total numbers of compiled unigenes to 
over 15,000.  Currently, bioinformatic analyses are underway to characterize unigene function and unify both 
sequencing efforts for the construction of a 2nd generation DNA microarray.  Ultimately, it is our goal to layer our 
understanding of population differentiation with gene expression profiles to generate a quantitative and predictive 
biosensor of ecosystem health. 
 
The Human Dimensions of One Health 
 
In the past, ocean and coastal ecosystems were considered quite distinct from human ecosystems despite the 
recognition of the influence of humans from pollution and harvest.  It is only recently that scientist and decision-
makers recognize the importance of human action as part of the coastal and ocean realm, both as stressor and 
stressee.   Humans are individually and collectively affected by changes in ocean chemistry and biology and are 
dependent on the ecosystem services oceans, coastal wetlands and estuaries provide.   The health of oceans is 
dependent on the behavior of people, and we are just starting to understand how we can use this information in 
ecosystem management.  Learning when and how people access coastal waters, particularly when environmental 
conditions predict increased risk, the behaviors associated with seafood harvest and consumption and the political 
 infrastructure that is assigned to plan and mitigate public health concerns will help us forecast risk and develop 
health early warning systems for health and safety.   
 
In addition, learning how people think about the quality of their coastal waters will help us understand the public 
commitment to clean water.  Several years ago a survey of coastal counties in North Carolina found that over half of 
residents did not consider environmental problems as affecting their health (Lovelace, 2008)  Not only does this lack 
of association compromise public health management but it also challenges the political will necessary to address 
environmental health issues on local and state levels.  Our attention to developing indices that allow us to track 
environmental decision-making against metrics of environmental health and well-being allows us to create an 
understandable link for decision-makers and the public.   
 
Sentinel habitats and species provide a framework that allows us to talk about the health of the environment in terms 
of its relationships to human health and well-being.  Predicting changes allows us to assess the impact on human 
health and prescribe changes in behavior that might mitigate risks for people and the environment.  Developing 
indicators of changes in our quality-of-life assists decision-makers in making choices that prevent exposure of 
humans to chronic and acute health risks as well as the disruption of services that provide basic needs, economic, 
social and political well-being. Providing this information through direct contact with decision-makers, through 
public health websites and networking in professional meetings operationalizes the assessments and tools for 
protecting oceans and human health.  
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